Corrections to scaling in percolation networks with a broad distribution of electrical resistances are studied analytically and numerically. Field-theoretic methods and a nodes-links-blobs approach are employed to calculate corrections to scalirig. Two numerical methods are introduced to test the predicted corrections to scaling and to minimize finite-size effects. One is a parameterless numerical renormalization-group procedure and the other involves tuning, within the same universality class, the initial distribution describing the electrical resistance of the bonds. Finite-size effects are shown to be the source of the disagreement between past numerical work and theoretical predictions.
I. INTRODUCTION
In recent years there has been considerable interest in percolation networks in which the transport properties of the bonds in the network are chosen from a distribution with a power-law tail. The reason for this interest is twofold. Firstly, the dynamical exponents in this system depend continuously upon the power law characterizing the distribution so providing a nontrivial example where the microscopic probability distribution determines the universality class. Secondly, percolation networks with a broad distribution of bond strengths are closely related to continuum percolation' and thus to practical questions such as the conductivity of metal-insulator composites.
Experiments have been carried out on metal-insulator composites and on macroscopic realizations of the "Swiss cheese" model. ' There are also a number of experiments on the related problem of current noise in percolating systems where continuum corrections are very important and appear in most experimental situations.
Since the work of Kogut and Straley, it According to the theory, the only feature of the distribution of bond strengths which is relevant to the asymptotic transport properties is the characteristic exponent describing the tail of the distribution. However, other irrelevant features of the distribution may lead to important corrections to scaling. In the present paper we develop a theory of the corrections to scaling arising from the initial distribution of bond strengths and we test this theory by numerical simulations. These simulations allow us, in one case, to change the initial condition on the irrelevant variable to decrease its inAuence, and in the other case, to go to efFectively much larger system sizes. Detailed numerical procedures for extracting the leading exponent and the corrections to scaling from finite-size data have been developed.
Here, the particular origin of the corrections to scaling allows us to exhibit their inhuence through the above two methods. As discussed by Privman and Fisher, . it is a general fact that the finite-size convergence of estimates for exponents is governed asymptotically by the leading irrelevant-variable scaling exponent. This irrelevant variable, which leads to corrections in scaling is, in the present problem, a dimensionless quantity describing the shape of the stable distribution of random resistors. As a function of the parameters describing the power-law tail, the lattice and continuum fixed points exchange stability. As we explain below, this leads to a very small correction to scaling exponent, hence to very slow convergence to the asymptotic limit. Fig. 2 (1) The initial set of conducting bonds (n =0) are chosen from the cumulative probability distribution defined in Eq. (1.2). At the nth iteration (n )0), the conductivities of the conducting bonds are chosen from the cumulative probability distribution obtained at the ( n -1)th iteration. (2) The conductivity of each of the N resulting L XL networks is computed using a method described in Ref.
27.
(3) The conductivities of these N percolating networks are then used to define the nth cumulative probability distribution. The cumulative probability distribution is found by sorting, in increasing order, the conductivities obtained by step (2) . The cumulative probability distribution is zero for all conductivities less than the smallest one, and unity for all conductivities greater than the largest one. Between these limits the cumulative probability is obtained by incrementing by 1/N at each successive conductivity, starting from the smallest.
Steps (1) - (3) are iterated n times in order to simulate a system whose effective size, L, ff is given by L,ff L"+'. The results are illustrated in Fig. 3 for a= -, ', and in Fig. 4 Table I and Fig. 6 ). That exponent describes the rate of convergence of the dimensionless variable h, associated with the shape of the probability distribution, towards its fixed-point value. The exponent 0 becomes arbitrarily small as a approaches the point, n" where the lattice and continuum fixed points exchange stability. In finite-size calculations, using the conventional power-law distribution, 
